This paper focuses on the regional development dimensions of the new technology sector, which is generally regarded as one of the driving forces behind structural economie changes reflected inter alia in long waves.
Introduction
In the history of economie thought technology has almost never been treated as an explicit subject matter. Technology was mainly regarded as a datum for economie analysis (the so-called 'data crown' hypothesis; see Eucken, 1950) .
In recent years however, a profound interest in causes and effects of technological changes -seen from an economie viewpoint -has emerged. The economics of technological change has come to the fore as an intriguing research issue (see Stoneman, 1983, e.g.) .
In the past years technological innovation has also been interpreted in the context of Schumpeter's view on technological revolutions as driving forces behind the Kondratieff cycles (see also Kleinknecht, 1984) . Especially clustered innovations have in the past exerted a profound impact on western societies (railways, electricity, automobiles etc.). The introduction of new technologies requires a 'basic science' connected to 'technical exploitation', foliowed by 'imaginative laps' that precede all upswing phases in a Kondratieff long wave (see also Rothwell and Zegveld, 1981) .
Much scientific discussion has also emerged on the question whether new technologies are a result of a demand pull or a technology push. A great deal of confusion in this field has however arisen because of a fuzzy use of the term new technology, especially because the motives and impacts of process, product, institutional and managerial innovations may be quite different.
Technology as the 'society's pool of knowledge regarding the industrial arts' (Mansfield, 1968 ) is however not a homogeneous knowledge asset, but is marked by a wide variety of different appearances ranging inter alia from small-scale to large-scale forms and from traditional to advanced activities. In the past years, much attention has been focused on new technologies, as it is a widely held belief that technological change may be one of the driving forces for new economie progress in an era of stagnation and structural change (cf. Nelson and Winter, 1982, and Rosegger, 1980) . However, the terms 'new technology','advanced technology' or 'high technology' are not unambiguously defined and deserve closer attention. In the paper an attempt will be made at demarcating more precisely the meaning of the concept 'new technology'.
A second aim of the paper is to analyze the locational patterns of new technology. For instance, in recent years it has often been claimed that large metropolises are loosing part of their innovative potential with regard to large firms in favour to medium-size cities (see Malecki, 1983) . In the light of the uneven geographical distribution of the new technology sector, it may be an important research objective to identify the economie motives for locational behaviour in the new technology sector.
Finally, the present paper will describe a case study for the Netherlands on the location pattern of new technology activities. It will be concluded that the new technology sector is not necessarily located in large cities, but may exhibit a more scattered spatial configuration although it is at least oriented toward the breeding place function of large cities (the 'urban climate' or 'incubator' hypothesis).
New Technology in an Era of Change
Technology is not a datum in entrepreneurial behaviour, but may be one of the instruments to improve the relative economie position of a firm. Clearly, there must be a need for employing this instrument in a competitive system.
In addition, the financial resources, capital and entrepreneurship must provide the conditions for technological changes. Other important prerequisites for technological innovation are the availability of an appropriate (external) knowledge infrastructure like transfer centres, science parks and knowledge centres (see Mouwen and Nijkamp, 1985) and a sufficiënt level of (internal) R & D investments (see Andersson and Johansson, 1984) .
New technologies imply that inventions are successfully transformed into innovations which are technically feasible and commercially attractive. This implies a successful implementation of new products or production processes, and a successful introduction of related management and marketing changes (including the search for new markets or new market segments). Consequently, technological innovations require also a successful use of new information technology (NIT), as the information infrastructure is an essential ingrediënt in any (private or public) development strategy (see also Gillespie et al., 1984) .
Technological innovation has also a close link to the product life cycle.
The various (successful) stages of a new product require special technological changes and R & D efforts. First of all, the phase of invention and introduction of a product requires a close orientation toward both R & D divisions and sales markets. Next, during the expansion phase more attention is needed for an increase of product standardisation and labour productivity, given the competition with other entrepreneurs on the same market. In the third stage, an orientation toward more capital intensity and product export is necessary in order to prevent a stagnation in sales. And finally, in the maturity stage both domestic and foreign competition becomes so strong that -unless new market segments are created through increased product specialisation or a cooperation with competitors is realizeda decline will commence.
Each phase of such technological innovations may have its own specific R & D and technology requirements, as well as its own specific locational requirements (see also Brotchie et al., 1985, and Stöhr and Schubert, 1984) , Consequently, regional development is co-determined by the life cycle phase of a new technology (see also section 3).
The demarcation of new technology -in contrast with other technology -is not an easy task. In principle, two different approaches can be distinguished, viz. the cross-section approach and the selective sector approach.
The cross-section approach examines all sectors of the economy and attempts to identify -on the basis of detailed surveys -the share of technological innovations (especially advanced technology) in each individual sector (for instance, by assessing the R & D input in each individual sector). This is a useful research strategy, although it is a fairly time-consuming approach which does not always give accurate answers (see Kleinknecht and .
The selective sector approach tries to identify those sectors in the economy which are characterized by a high degree of use of new technology activities.
The main problem here however is the définition of new technological activities, especially because a broad sectoral classification would not be satisfaCtory.
In the literature, various definitions of new (advanced or high) technology have been given. Despite a certain vagueness or fuzziness in the terminology (cf. Haustein, 1982) , various attributes of new technology can be identified.
In genera!, new technology is marked by:
-the use of highly skilled employees, many of them arescientists or engineers (Doody and Munzer, 1981; Rogers and Larsen, 1984) -a high ratio of R & D expenditures to sales (Doody and Munzer, 1981; Premus, 1982; Rogers and Larsen, 1984) -a nation-wide or world-wide market for the products (Doody and Munzer, 1981; Rogers and Larsen, 1984) -a fast rate of growth (Doody and Munzer, 1981; Rogers and Larsen, 1984) -a high degree of labour intensity in the production stage (Doody and Munzer, 1981, Premus, 1982) .
In conclusion, the new technology sector can mainly be found in technicallyoriented industries based on scientific and technological practices which lead to a relatively high growth rate of value added. Examples of such industries are: chemics, electronics, aircraft and instruments.
It is clear that a sharp définition and identification of the new technology is hard to give, because of rapid changes in many industrial sectors, incomparability of technological information, a firm's specific position in a product cycle, lack of disaggregate empirical data on production processes at the micro level (even at the level of divisions or plants within one firm), and lack of a sharp distinction between new technology products and new technology processes (see also McQuaid and Langridge, 1984) .
In the present paper the attention will mainly be focussed on firms (or indus trial sectors) producing new technology products and which are to a large extent marked by the abovementioned features. For practical reasons, in the empirical part the selective sector approach will be used, so that major attention will be given to a selected set of (fairly detailed and disaggregated) industrial sectors which comply with the abovementioned features.
3' The Location of New Technology Firms
The locational analysis of new technology firms is still underdeveloped: a clear theoretical framework is lacking, while various case studies provide sometimes only anecdotal observations (see Malecki and Varaiya, 1985) .
Nevertheless, a few more structural spatial development patterns seem to emerge. New technology firms are increasingly dividing their activities into routine (or standardized) and non-routine (or innovative) operations. The non-routine (mainly R & D-oriented) activities tend be concentrated in only a few locations marked by significant aggloraeration advantages such as a good geographical accessibility. For instance, Hekman (1980) indicates that American computer firms tend to maintain their innovative activities in only a few regions (like California, Texas or Massachusetts). Standardized production and assembly operations are either moving into small towns or peripheral areas or into low wage Third World countries (cf. Bluestone and Harrison, 1982) .
Next, non-routine activities in the new technology sector relies heavily on skilled and professional labour input, so that also the quality of the residential climate (including socio-cultuiral amenities) becomes a major locational motive for high technology firms (see also Brotchie et al., 1985, and . Similar results were found by Oakey (1981) in a study on the British instruments sector, who came to the conclusion that skilled workers largely determined the location of production. This result was supported by Malecki (1984) and Oakey (1983) who observed that locational preferences of technical personnel exert a large influence on the location decisions of R & D. This personnel appeared to attach a high priority to cultural, educational and employment opportunities in urban areas.
With regard to routine activities, especially of multi-plant corporate organizations, it is evident that low-skill labour is still the main input. In as far as low-skill employment is abundantly present in various regions, it is mainly the wage level which is determining the locational pattern of these standardized activities (see Hansen, 1980) . It should be added however, that these activities may fairly capital intensive, so that ageing and life cycle processes of capital stocks may also exert a significant long-term impact on industrial location patterns of new technology firms.
In addition, it has to be mentioned that a large concentration of new technology activities may lead to congestion phenomena, especially if innovative firms create spin-off effects which lead to a rise in routine activities. Premus (1982) , for instance, observed that in recent years there is a tendency of American new technology firms to move from the Sunbelt-states to the Mid-West due to bottleneck factors (such as high wage rates, high land rents, insufficiënt areas for industrial expansion, high local taxes and traffic congestion). Clearly, this 'crowding out' phenomenon may also be related to the firm's position in a product cycle.
Similar results were found for Scotland by Cross (1981) for the Netherlands by Hoogteijling et al. (1985) and Wever (1984) , and for Germany by Wettmann(1983) .
Another (important) locational determinant of the new technology sector is its orientation toward an accessible communication and information network (see also Thwaites, 1982) , so that this sector is either located in nodal points of a physical communication infrastructure or in areas near research and educational institutes (Levy, 1983) . This may also lead to job-hopping, for instance, in the Silicon Valley.
A final relevant component of an innovation infrastructure of the new technology sector is the availability of venture capital (Rothwell, 1982) , especially in those countries which are marked by regional variations in the provision of venture capital. This may especially hold true for large countries (like the USA) with segmented markets for venture capital. In small countries however, it is plausible to assume that regional differences in venture capital hardly exist, so that this is not a location-specifie factor (though it may be generic determining factor for new technological innovations in the country as a whole).
The foregoing remarks lead to the following propositions which will be further tested in an empirical study on the locational pattern of the new technology in the Netherlands: -Non-routine ( R & D-oriented) new technological activities are sensitive to communication, information and accessibility, so that their location may be expected in nodal points of a spatial network -Routine (standardized) new technological activities and operations may exhibit a more scattered pattern due to crowding out effects -New technological activities recruiting higLly skilied employees attach a high priority to a favourable residential climate near major urban agglommerations and the presence of venture capital, in as far as in a small country significant regional differences in these locational factors do not exist. These propositions will now be examined in the context of a Dutch case study on new technology.
Location of New Technology in the Netherlands: a Test
Following the arguments put forward in sections 2 and 3, we shall first in the present section pay attention to the operational demarcation of high technology sectors in the Netherlands and to the operational definition of locational determinants of the new technology (see also Bouman et al., 1985) . The spatial dispersion of new technoiogy firms in the Netherlands has been analysed on the basis of a sample among firms in the sectors included in Table 1 (provided by the Dutch Chambers of Commerce). The location of all new technoiogy firms could be derived from this sample, so that a detailed insight into the geographical pattern of the new technoiogy sector in the Netherlands could be obtained. Some results will briefly be presented here. Table 2 (Table 3) . (2) and (5), while for the remaining indicators insignificant results were obtained.
Retrospect
The following conclusions can be inferred from the abovementioned case study.
Not all propositions mentioned in section 3 could be tested due to the limited empirical data on the locational pattern and motives of new technology firms.
The available data however support the hypothesis that new technology firms tend to locate on nodal points of an accessible network, with a strong orientation towards large urban agglomerations. This bias against the urban 'milieu' is once more favoured due to the high-skill and R & D requirements of new technology firms»
Crowding out effects could be observed in two respects: (1) the trend toward a suburban location (with a favourable living climate) of new technology firms, and (2) the trend toward an urban location in intermediate and/or peripheral areas.
Regional differentiation of wage levels and of the supply of venture capital could hardly be observed in the Netherlands, so that these factors vanish as explanatory determinants of the geographical location pattern of the new technology sector.
And finally, due to lack of available data on routine versus non-routine data at the firm level, the spatial differentiation between routine and nonrroutine new technologies could not be examined. The overall conclusion is that the empirical evidence from the Netherlands supports most hypotheses offered by the present literature, while the differences that are occurring are mainly due to the spatial scale of the country.
Our findings on the metropolitan orientation of the new technology sector have various policy implications: a regional development policy focussing on new technology should take the metropolitan area as its geographical base. In this area the conditions for new technology location have to be favoured by supporting the development of contact and information flows, as this determines the comparative advantage of the area (cf. Brotchie et al., 1985) . Such agglomeration advantages are of utmost importance for the creation of advanced knowledge and creativity (requiring inter alia advanced educational institutes and R & D centres). The economie potential of such agglomerations is thus strongly determined by public overhead capital inducing the development of the new technology sector.
